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Abstract

Land use change can have negative or positive effects on soil quality. Our objective
was to assess the effects of land uses changes on the dynamics of selected soil
physical and chemical properties. Soil samples were collected from three adjacent
land uses, namely forestland, grazing land and cultivated land at 0–15 cm depth, and5

tested in National Soil Testing Center, Ministry of Agriculture of Ethiopia. Percentage
changes of soil properties on cultivated and grazing land was computed and compared
to forestland, and Analysis of variance (ANOVA) was used to test the significance of
the changes. The results indicate that sand, silt, SOM, N, pH, CEC and Ca were the
highest in forestlands. Mg was the highest in grazing land while clay, P and K were10

the highest in cultivated land. The percentage changes in sand, clay, SOM, pH, CEC,
Ca and Mg were higher in cultivated land than the change in grazing land compared
to forestland, except P. In terms of relationship between soil properties; SOM, N, CEC
and Ca were strongly positively correlated with most of soil properties while P and silt
have no significant relationship with any of other considered soil properties. Clay has15

negative correlation with all of soil properties. Generally, cultivated land has the least
concentration of soil physical and chemical properties except clay and AP which sug-
gest increasing degradation rate in soils of cultivated land. So as to increase SOM and
other nutrients in the soil of cultivated land, integrated implementation of land manage-
ment through compost, cover crops, manures, minimum tillage and crop rotation; and20

liming to increase soil pH are suggested.

1 Introduction

Land use changes have remarkable effects on the dynamics of soil properties (Ozgoz
et al., 2013). For example, land use changes from forest cover to cultivated land may
hinder addition of litter that enhances nutrient content of soils (Ozgoz et al., 2013),25

increase rates of erosion (Biro et al., 2013), loss of soil organic matter and nutrient
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(Saha and Kukal, 2015), and accelerate rate of soil degradation (Barua and Haque,
2013). This process, in turn, leads to a decline in soil fertility and loss of biological
activity and diversity (Yao et al., 2010). Vegetation cover is, therefore, a key indicator
of soil degradation as plants play a role in the control of soil erosion (Bochet, 2015;
Tejada and Benitez, 2014; Kropfl et al., 2013; Keesstra et al., 2009; Cedar, 1998).5

Zhang et al. (2015) has shown that forest destruction accelerated soil salinization in
the Middle Reaches of the Tarim River, Xinjiang, China. Biro et al. (2013) in their study
conducted in Gadarif region (Sudan), have found that management variables like graz-
ing intensity and frequency, and over cultivation can substantially affect soil nutrient
level by reducing composition of plant species, net primary productivity, above and be-10

lowground allocation in plants, and nutrient cycling pathways. Soil organic matter is
lesser in extremely degraded areas where overgrazing manifested. Wang et al. (2011)
found out that SOM, total N, available P, pH, exchangeable cations contents and CEC
of the soil decreased significantly with conversion of secondary forest to Chinese Fir
plantations in subtropical China. Saha and Kukal (2015) found higher bulk density and15

lower macro-porosity and water retention in cultivated soils than soils of grassland and
forests. These indicated a degradation of soil properties due to the conversion of natu-
ral ecosystem to agricultural system.

In Ethiopia, rapid population growth and environmental factors lead to the conver-
sion of natural forest and grassland into cultivated farmland (Gebreyesus, 2013). Such20

human-induced land use changes have contributed to soil degradation and soil loss by
deteriorating the soil physical and chemical properties and make the ecosystem more
delicate and susceptible to land degradation (Karltun et al., 2013). The country’s in-
herently fragile soils, undulating terrain, highly erosive rainfall and the environmentally
destructive farming methods that many farmers practice make soil highly vulnerable to25

soil erosion. Soil erosion is highest in cropland (42 Mtha−1 average annual rate) com-
pared with 5 Mtha−1 from grassland. The problems of soil degradation caused both
on-site and off-site changes; the country lost an estimated USD 1 billion per year. This
has been confirmed by empirical studies carried out in different parts of Ethiopia (for
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example, Angassa, 2014; de Mulenaere et al., 2014; Tesfaye et al., 2014; Gebreye-
sus, 2013; Asmamaw and Mohamed, 2013; Fantaw and Abdu, 2011; Eyayu et al.,
2009). And this is why is necessary to apply restoration strategies (Mekonnen et al.,
2015, 2014; Bizoza, 2014; Zhao et al., 2013; Morera et al., 2010). The protection of
soil is fundamental to keep having services from the soils and avoid land degradation5

(Berendse et al., 2015; Keesstra et al., 2012).
In a study conducted in the rift valley area of Ethiopia, Fantaw and Abdu (2011)

recounted an increase in bulk density and decrease in SOM, total N, exchangeable
cations and CEC contents following the conversion of native woodlands into farmland
and grazing land. In Gerado Catchment, northeastern Ethiopia, Asmamaw and Mo-10

hammed (2013) observed changes in the amount of clay, SOM and total N following
changes in land use and land cover. Eyayu et al. (2009) reported declining pH value
and the content of SOM in leached and degraded cultivated land than forestland in the
Tara Gedam catchment and the adjacent agro-ecosystems of north western Ethiopia.
Nega and Heluf (2013) on their part indicated deforestation has resulted in deteriora-15

tion of soil organic matter and nutrient level in the soil. Similarly, Gebreyesus (2013)
showed that soil quality indicators varied across the land use and soil management
systems, among which natural forestland and afforestation protected areas are the
most important systems in maintaining soil quality, where as cultivated and marginal
lands seriously deteriorated the physical soil system. The same author revealed that20

soil organic carbon, pH, TN, available phosphorous and clay are significantly higher
in natural forest and afforestation protected areas. On the other hand, Yeshanew et
al. (2005) found SOC, total N and S concentration at 0–20 cm depth remained the
same after natural forest conversion into eucalyptus plantation in Munesa, Ethiopia.
Fantaw et al. (2007) in their study in Bale Mountains of Ethiopia have found no appre-25

ciable variation in soil organic carbon content after conversion of the natural forest to
grazing land. These conflicting findings suggest that the hypothesis that conversion of
forestland into cultivated or grazing land leads to changes of soil physical and chemical
properties and degradation of the land is not at all times and in all places applicable.
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This further suggests the need for empirical inquiry into effects of land use changes on
the dynamics of selected soil properties and subsequent degradation of farm house-
hold land at different geographical area. To this end, little work was established on
the effects of land use on soil properties which have implications for land degradation
and land management strategies in the study area. Natural forest, the only preserved5

public forestland in the study area, was selected as the control field against which the
selected soil parameters of cultivated and grazing lands were compared to assess the
level of land degradation in the Northeast Wollega, Ethiopia. The interpretation of our
results is limited to the current status of soil parameters considered in this study due to
the fact that there was no documented data on the former land uses.10

2 Materials and methods

2.1 Study area

The study area, covering 14 979 ha, is located between 9◦45′ and 10◦00′N and 37◦00′

and 37◦15′ E (Fig. 1). Administratively, Northeast Wollega belongs Jarte Woreda, Horo-
Guduru Wolega zone of Oromia Regional State, Ethiopia. Geologically, the area be-15

longs to the trap series of tertiary volcanic eruptions (ORLEPB, 2013). Its topography
is typical of volcanic landscapes, which were later deeply incised by streams, result-
ing in the current diversity of landforms. The soils have developed from volcanic ashes
and reworked materials resulting from tertiary volcanic eruptions and sedimentation
processes (ORLEPB, 2013).20

Nitosols are the dominant soil type, mainly on undulating to steep slopes. Relatively
flat areas and especially those closer to river valleys, are largely covered by well-
developed Vertisols. As a result of degradation, the soils on steep slopes appear to
have been downgraded to Regosols and Cambisols. Its altitude ranges between 1800
and 2657 m. Mean annual temperatures range between 22 and 28 ◦C. Annual rainfall,25

which is heavy during the summer months (June–August) ranges between 1750 and

1079

http://www.soil-discuss.net
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-print.pdf
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


SOILD
2, 1075–1101, 2015

Effects of land use
changes on the

dynamics of selected
soil properties

A. Adugna and
A. Abegaz

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

2000 mm (EMS, 2013). For 2013, the population of the study area was projected to
58 339 of which only 10.09 % was urban population (CSA, 2013). The same document
reported that the population of the district has increased by 39 % from 1980 to 2013.
Except for a small percentage of the population living in the urban area, the inhabitants
are farmers engaged in mixed crop-livestock farming system.5

2.2 Current land use types

We identified and classified the present land use types through surveys in 2012 and
2013 supported by the elderly households who are assumed smart by the local com-
munity and aged 60 and above. Accordingly, three major land use categories, namely
forestland, grazing land, and cultivated land were identified for the purpose of this study10

(Table 1). Based on the information obtained from the elders, these sites were under
the same land cover i.e. forestland 40 years back. Since then, some portions were
converted into cultivated and grazing lands while some area remained as forestland.

2.3 Soil sampling

Three adjacent sites were used in this study from study area, each located within the15

three different land use types, representing forestland, cultivated land and grazing land.
All the three fields were almost similar in their slope, altitude and aspects. Each land
use has been divided into five tiles (100×100 m in size); and within each tile four sub-
plots were established, each with an area of 100 m2, one in the center and three on a
radial arm with 120◦ angles between them (Vågen and Winowiecki, 2013; Vågen et al.,20

2013). This form of sampling allows the assessment of variability of soil properties at
different spatial scales (Vågen et al., 2013) (in our case among land uses at site level).
Soil sampling was carried out in February 2014 from each of the three land use types.
For each tile, soil samples were collected from each sub-plot and composite samples
were prepared by hand mixing for 0–15 cm soil depth. Totally, we had 15 composite soil25
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samples (five each from forestland, cultivated and grazing lands) at a depth of 0–15 cm,
because the 0–15 cm represents the average plough layer in the area.

2.4 Soil analysis

Soil sample were analyzed following standard procedures as applied to tropical soils at
the National Soil Laboratory Centre of the Ministry of Agriculture (MoA), Addis Ababa,5

Ethiopia. Disturbed soil sample were air-dried and grounded to pass through a 2 mm
sieve prior to any laboratory analysis. Black et al. (1965) procedures have been used for
particle size analysis (Bouyoucos Hydrometer Method); soil pH (potentiometric method
in a 1 : 2.5 soil-water ratio); total nitrogen (following Kjeldhal procedure); and CEC and
exchangeable Ca, Mg, K and Na (by the ammonium acetate at pH 7). Percentage10

organic carbon was estimated based on the Walkey-Black Method (Walkey and Black,
1934) and equivalent % content of SOM was determined by multiplying the % OC by
the Van Bermmelen factor of 1.724 (Thompson and Troeh, 1978). Phosphorous was
determined by means of Olsen method (Olsen et al., 1954).

2.5 Statistical analysis15

The data was organized and entered into Statistical Package for Social Sciences
(SPSS) software version 20 for windows. One-way ANOVA was under taken to test
the significance of the effects of land use changes on the variation of soil textural class,
soil pH, available P, soil organic matter content (%), total Nitrogen (%), CEC Cmolkg−1,
and Exchangeable bases (K+, Ca2+, and Mg2+) Cmolkg−1 at the 0.05 level. After com-20

puting the ANOVA, all soil properties that showed significant differences among the
land uses were subsequently analyzed for the significance of mean differences be-
tween land-use types employing the LSD Post Hoc multiple comparisons test at the
0.05 level.
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Percentage changes in the soil properties of cultivated land or grazing land compared
to forestland

(
ChCl,Gl

)
were computed by:

ChCl,Gr =
LuCl,orGl −LuFl

LuF1
×100 (1)

Where, ChCl,Gl :Percentage changes in soil property of cultivated or grazing lands com-
pared to forestland; LuCl, LuGl and LuFl: Mean value of soil property under considera-5

tion of cultivated, grazing and forestland respectively.
Bivariate correlation analysis was conducted to assess the relationships between the

studied soil properties.

3 Results and discussion

3.1 Particle size distribution10

Soils physical properties such as depth, particle size distribution (texture), bulk density,
structure and porosity are often among the most important parameters for evaluating
the limitation and suitability of a unit of land (Gebreyesus, 2013). In this study only soil
texture has been studied and the changes in this property have been related to the
changes in these properties and soil chemistry.15

Textural classes of topsoil of forestland, cultivated land and grazing land are sandy
loam, clay and clay loam respectively (Table 3). Sand content of soils of forestland
(73.6 %) is the highest and is the lowest on soils of cultivated land (29.6 %) while clay
content of soils is the highest on cultivated land (42.9 %) and the lowest on soils of
forestland (15.6 %). These differences are statistically significant (P < 0.05, Table 4).20

On the other hand, though the differences are not statistically significant, silt fraction is
the highest in the forestland (32.8 %) and the lowest in grazing land (26.8 %). The per-
centage changes in sand particle size distribution is higher in cultivated land (−43 %)
than the change in grazing land (−26 %) compared to forestland (Table 2). On the other
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hand, clay fraction on cultivated land and grazing land increased by 169 % and 123 %,
respectively, compared to forestland. Lower content of sand and higher content of clay
fractions in the cultivated land may be attributed to the process of plowing, clearing,
disposing and leveling of farming fields (Table 1). These processes in turn enhance
the weathering process that transforms sand and silt fractions into clay fractions. On5

the other hand, higher content of sand and lower content of clay fraction of forestland
may be attributed to low rate of weathering processes and continual leaching of clay
fraction from the upper mineral horizons of the forestland since leaching is most active
in forestlands (Ozgoz, 2013).

Soils with high clay content have sufficient particle-to-particle contact points to form10

strong bonds when the soil dries which can lead to the formation of a strong crust (FAO,
2006). Soils of forestland with sandy loam texture are highly desirable for plant growth,
because texturally this soil is permeable to air, water and plant roots and optimum store
houses for plant nutrients (Eyayu et al., 2009). On the contrary, soils of cultivated land
with highest clay fraction are the most compact soils. These soils though assumed to15

hold much more water and plant nutrients (Kartul et al., 2013) than forest and grazing
lands respectively with sandy loam and clay loam texture, is manifested with problems
of inadequate aeration, water lagging, increased runoff and erosion, and problem of
workability during very dry and very wet periods (field observation).

3.2 Soil organic matter (SOM), total nitrogen (TN) and available phosphorous20

(AP)

The content of SOM was the highest in forest lands (9.04 %) and the lowest in cul-
tivated land (4.59 %) while in grazing land (7.31 %) is in between (Table 3), and the
differences are statistically significant (P < 0.05, Table 3). The percentage changes
in SOM is higher in cultivated land (−49 %) than the change in grazing land (−19 %)25

compared to forestland (Table 2). Higher content of OM in the forest land attributed to
the role played by plants; soil macrofauna (worms, large insects, etc.); soil microflora
(bacteria, fungi, protozoa, algae, etc.); and microbial biomass (Table 1). Leaves from
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plants fall to the soil surface and dead macrofauna, microflora, and microbial biomass
in the soil decompose and form organic matter of soils of forest land. Living soil organ-
isms also decompose leaves and mix them with the upper part of the soil. On grazing
lands, grass roots were fibrous near the soil surface and easily decompose, and adding
organic matter. On the other hand, lower content of SOM on cultivated land may be at-5

tributed to accelerated rates of erosion and decomposition, because these processes
were most active on cultivated lands than forest and grazing lands.

Since soil organic matter is composed chiefly of carbon, hydrogen, oxygen, nitrogen
and smaller quantities of sulfur and other elements (USDA, 2014; Gebreyesus, 2013),
it is an important indicator of soil and land health as it integrates several inherent soil10

properties and responds strongly to land-use change and land degradation processes
(Vågen and Winowiecki, 2013; Aguilera et al., 2013). Thus, the highest organic frac-
tion of forestland is potentially with the highest reservoir for plant essential nutrients of
nitrogen, phosphorus, and sulfur (Zhang et al., 2015) compared to grazing and culti-
vated lands. It also increases soil water holding and cation exchange capacities, and15

enhances soil aggregation and structure of soils of forestland.
TN was lowest on cultivated land (0.25 %) followed by on grazing land (0.37 %). Ex-

pectedly, the mean value of TN was highest on soils of forestland (0.44 %) (Table 3).
The differences between forest and cultivated lands and cultivated and grazing lands
are statistically significant (P < 0.05), while the difference between forest and grazing20

lands is not significant (Table 4). The C : N ratio (12.1) was the highest on soils of
forestland while it is the lowest on grazing land (10.8) (Table 3). The wider C : N ratio
on soils of forestland indicates the prevalence of more biological (microbial) activities
that might have been resulted by highest consumption rate of nitrogen by microbial in
forest land than in grazing and cultivated lands. The content of AP was the highest in25

cultivated lands (3.7 ppm) and lowest in grazing land (2.1 ppm) while it is in between
in forest land (3.6 ppm) (Table 3). The mean differences between soil-AP of forest and
grazing lands, and cultivated and grazing lands are statistically significant (P < 0.05,
Table 4), while the mean difference between forest and cultivated lands is not statisti-
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cally significant (Table 4). Compared to the AP contents of forestland, AP of cultivated
and grazing lands are higher by 2.8 % and lower by 4.2 % respectively (Table 2).

Weathered soil minerals, organic fertilizer and inorganic fertilizer are important pools
of soil P (Assefa and van Keulen, 2009). Thus, the fact that soils in the forest land has
higher AP than the grazing land may be attributed to two reasons. Firstly, even though,5

in forestland, a pool of available P could be removed by trees, there is a probability of
P return through litter fall to soil surface (Asmamaw and Mohammed, 2013; Wang et
al., 2011). Secondly, microbes which are abundant in the litter layers of the forest may
quickly add high proportion of P pool under forest cover. On the other hand, a higher
AP in cultivated land than grazing land may be attributed to three reasons. Firstly, ap-10

plied cattle dung on cultivated field may increase level of P concentration in this land
use, while cattle dung has been collected from grazing land (Table 1). Secondly, fre-
quent application of inorganic P-fertilizer on the cultivated fields (Table 1) may provide
a considerable amount of inorganic P pool to the soil of cultivated filed. Thirdly, a higher
P release as a result of higher weathering process on cultivated land than on grazing15

land may provide higher amount of P to the soil of cultivated land. The finding in this
study appeared in agreement with the observation made in Ethiopia by Fantaw and
Abdu (2007).

3.3 pH, cation exchange capacity (CEC) and Exchangeable basic cations
(Ca2+, K+ and Mg2+)20

Dynamics in soil pH, CEC and exchangeable cations are important indicators of soil
qualities of different land uses (Saha and Kukal, 2015). Soil pH affects the process of
other nutrient transformations, solubility, or plant availability of many plant essential nu-
trients (McKie, 2014). It also affects the quantity, activity, and types of microorganisms
in soils which in turn influence decomposition of organic materials (Barua and Haque,25

2013). Therefore, soil pH is one of the several soil quality indicators that give useful
information on soil dynamics and nutrient availability and how the soil resource is func-
tioning (McKie, 2014). The soils in the study land uses have a mean pH of 5.4, 5.7 and
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6.1 respectively on cultivated, grazing, and forest lands (Table 3). The mean differences
between forestland and cultivated land, and forest land and grazing land are statistically
significant (P < 0.05, Table 5), but the mean difference between cultivated and grazing
lands is not significant (Table 5). Compared to the pH of soils of forestland, pH of soils
of cultivated and grazing lands were lower by 11.5 and 6.6 %, respectively (Table 2).5

Different nutrients are available at different pH levels (McKie, 2014; de Mulenaere et
al., 2014; Nega and Heluf, 2013). Low pH favors free metal cations and protonated
anions, while higher pH favors carbonate or hydroxyl complexes (Tejada and Bentez,
2014; Yao et al., 2010).

Soil pH of the study area lies in the range between moderate to slight acidity denom-10

inations (Tejada and Bentez, 2014). Thus, soils in the cultivated land appeared more
acidic than those of the forest and grazing lands. Recent studies have shown the pH
decline occurring more rapidly in continuously cropped land (Gelaw et al., 2013). This
variation may be happened because of intensive farming over a number of years with
nitrogen fertilizers on cultivated land than forest and grazing lands. In general, it is said15

that a soil with an optimum pH today may be too acid or alkaline a decade from now,
depending on land management (Gelaw et al., 2013). In the study area, on soil of cul-
tivated land, aluminum and manganese may be toxic (Parra-Alcantra et al., 2013) to
crops growth since its pH is less than 5.5 (Table 3). Lifting the soil pH of cultivated land
> 5.5 effectively can eliminate this toxicity and there should also be an adequate supply20

of molybdenum available for legumes to flourish which in turn could fix good quantities
of nitrogen in the soil (McKie, 2014).

PH also influences plants’ and crops’ N uptake. Plants and crops can take up N in
the form of ammonium (NH+

4 ) and nitrate (NO−3 ) respectively (Zeng et al., 2009). At
pH’s between 6 and 7, the microbial conversion of NH+

4 to nitrate (nitrification) will be25

rapid, and crops generally take up nitrate, while in acid soils (pH< 6), nitrification will
be slow, and plants with the ability to take up NH+

4 may have an advantage (Parra-
Alcantra et al., 2013). Thus, in the study area, in soils of cultivated land at pH’s less
than 6, nitrification will be slow, and crops with the ability to take up nitrate (NO−3 ) may
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have disadvantage. Problem of soil acidity of cultivated land can be managed by soil
liming program (Gelaw et al., 2013). Soil liming can increase soil pH, supply essential
plant nutrients (Ca and Mg), make other essential nutrients more available and prevent
Mn and Al from being toxic to plant growth (Yao et al., 2010).

CEC, which is a good measure of the ability of a soil to retain and supply nutrient to a5

crop is naturally reliant on soil organic matter, pH, amount and type of clay mineralogy,
land management (Tahir et al., 2009; Gol et al., 2010). The mean CEC was high-
est on forestland (32.85 Cmolkg−1) and followed by grazing land (25.85 Cmolkg−1),
whereas it is the lowest on cultivated land (20.19 Cmolkg−1) (Table 3); and the differ-
ences among the land uses are statistically significant (P < 0.05, Table 5). Compared10

to the CEC of soils of forestland, CEC of soils of cultivated and grazing lands were
lower by 38.5 and 22.0 % respectively (Table 2). The mean Ca2+ was highest on forest
land (12.81 Cmolkg−1) and followed by grazing land (5.98 Cmolkg−1), whereas it is
the lowest on cultivated land (4.08 Cmolkg−1). The mean differences between forest
and cultivated lands, and forest and grazing lands are statistically significant (P < 0.05,15

Table 5).
The mean Mg2+ was highest (4.80 Cmolkg−1) on grazing land and followed by forest-

land (3.96 Cmolkg−1) whereas it is the lowest on cultivated land (1.71 Cmolkg−1). The
mean differences between forest and cultivated lands and cultivated and grazing lands
are statistically significant (P < 0.05, Table 5). On the other hand, K+ was highest on20

cultivated land (0.14 Cmolg−1) and followed by forestland (0.13 Cmolkg−1), whereas it
is the lowest on grazing land (0.12 Cmolkg−1) (Table 3), however these differences are
not statistically significant. Compared to Ca2+ and Mg2+ of soils of forestland, Ca2+ and
Mg2+ of soils of cultivated land were lower by 68.0 and 56.8 % respectively, whereas
on soils of grazing lands; Ca2+ was lower by 54.0 % while Mg2+ was higher by 21.2 %25

(Table 2). Compared to soils of forest land, the overall pattern of CEC, Ca2+ and Mg2+

concentration on cultivated land showed declining trends, however with varying rates;
i.e., the highest rate of Ca2+, followed by Mg2+ and CEC (Table 2).
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3.4 Relationships between selected soil properties

Bivariate relations between the different soil properties are presented in a correlation
matrix, Table 6. Each of OM, TN, CEC, Ca, Mg, and pH are positively and significantly
(P < 0.05) associated with each of soil properties except with AP, silt and clay (Table 6).
In contrast, clay fraction is negatively and significantly (P < 0.05) associated with OM,5

TN, CEC, Ca, pH, and silt. Silt and AP have no any significant association (P > 0.05)
with each of the soil properties.

SOM significantly and strongly associated with PH (r = +0.83, P < 0.001), TN ((r =
+0.80, P < 0.001), and CEC (r = +0.80, P<0.001). This finding was in agreement with
other studies made in different places of the country (e.g. Tadele et al., 2013; Asma-10

maw and Mohammed, 2013; Lelisa et al., 2010). Thus, conversion of forestland into
cultivated lands implies degradation of SOM that influences most of soil properties,
since SOM is the major natural sources of N in the soil, provides P, increases CEC
and provides other micronutrients through an effective soil food web (Braimoh and Vlak,
2014). However, SOM in soils of cultivated land possibly could be increased through15

compost, cover crops, manures, minimum tillage and crop rotation and consequently
enhancing the concentration of other nutrients in the soil (Munoz-Rojas et al., 2015).
Nevertheless, there is no significant correlation between AP and any of the other chem-
ical properties most probably due to the generally low available potassium content in
the soil sampled. This finding contradicts the fact that phosphorus availability is related20

to soil pH. CEC significantly and strongly associated with Ca (r = +0.89, P < 0.001),
pH (r = +0.89, P < 0.001) and clay (r = −0.77, P < 0.001). Ca significantly and strongly
associated with pH (r = 0.88, P < 0.001) and clay (r = −0.74, P < 0.001). Similarly, Mg
significantly and strongly associated with pH (r = 0.71, P < 0.01). On the other hand,
clay is negatively correlated with all soil properties. The correlation was strong and sta-25

tistically significant except for Mg and AP. Thus, clay in the soil has negative influence
on most of soil properties (Nega and Heluf, 2013). The strong and negative correlation
between clay and CEC/OM can be attributed to the kaolinite clay mineral and crystal
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structure and pH level of the study area. The same relationship was also observed by
some researchers in other regions of the country (e.g. Fantaw and Abdu, 2011; Lelissa
et al., 2010).

4 Conclusion

The purpose of our study was to explore the effects of land use changes on the dy-5

namics of soil properties and its implications for land degradation. The result indicate
that cultivated land has the lowest OM, TN, CEC, pH, Ca and Mg contents compared
to forestland and grazing land. Soil organic matter is lowest as caused by land use
changes, cropping pattern and frequency, removal of crop residues, faster decompo-
sition and oxidation process as well as soil erosion on cultivated lands. The losses of10

these essential elements may contribute to increasing degradation prevalence on cul-
tivated land. Land degradation, in turn, is impairing the capacity of land to contribute to
food security. So as to increase SOM and consequently enhancing the concentration
of other nutrients in the soil of cultivated land, we suggest integrated implementation of
land management through compost, cover crops, manures, minimum tillage and crop15

rotation. Soils in the cultivated land appeared more acidic (pH<5.5) than those of the
forest and grazing lands. This may lead to aluminum and manganese toxicity, microbial
conversion of NH+

4 to nitrate (nitrification) will be slow and crops with the ability to take
up nitrate (NO−3 ) will be negatively affected. Thus, we suggest liming of cultivated land
so as to increase soil pH, supply essential plant nutrients (Ca and Mg), make other es-20

sential nutrients more available and prevent Mn and Al from being toxic to crop growth
(McKie, 2014).

Acknowledgements. The authors wish to thank farmers of the study area who allowed collect-
ing extensive data from their farms. We are also grateful to National Soil Laboratory Centre of
the Ministry of Agriculture (MoA), Addis Ababa, Ethiopia.25

1089

http://www.soil-discuss.net
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-print.pdf
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


SOILD
2, 1075–1101, 2015

Effects of land use
changes on the

dynamics of selected
soil properties

A. Adugna and
A. Abegaz

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

References

Aguilera, E., Lassaletta, L., Gattinger, A., and Gimeno, B. S.: Managing soil carbon for cli-
mate change mitigation and adaptation in Mediterranean cropping systems: A meta-analysis,
Agric. Ecosys. Environ., 168, 25–36, 2013.

Angassa, A.: Effects of grazing intensity and bush encroachment on herbaceous species and5

rangeland condition in Southern Ethiopia, Land Degrad. Develop., 25, 438–451, 2014.
Asmamaw, L. and Mohammed, A.: Effects of slope gradient and changes in land use/cover on

selected soil physic-biochemical properties of the Gerado catchment, Northeastern Ethiopia,
Int. J. Environ. Stud., 70, 111–125, 2013.

Assefa, A. and van Keulen, H.: Modeling soil nutrient dynamics under alternative farm manage-10

ment practices in the Northern Highlands of Ethiopia, Soil Till. Res., 103, 203–215, 2009
Barua, S. K. and Haque, S. M. S.: Soil characteristics and carbon sequestration potentials of

vegetation in degraded hills of Chittagong, Bangladesh, Land Degrad. Develop., 24, 63-71,
2013.

Berendse, F., van Ruijven, J., Jongejans, E., and Keesstra, S. D.: Loss of plant species diversity15

reduces soil erosion resistance of embankments that are crucial for the safety of human
societies in low-lying areas, Ecosystems, 18, 881–888, 2015.

Biro, K., Pradhan, B., and Makeschin, F.: Land use/land cover change analysis and its impact
on soil properties in the northern part of Gadarif region, Sudan, Land Degrad. Devlop., 24,
90–102, 2013.20

Bizoza, A. R.: Three-stage analysis of the adoption of soil and water conservation in the high-
lands of Rwanda, Land Degrad. Develop., 25, 360–372, 2014.

Black, C. A., Evans, D. D., White, J. L., Newsmonger, L. E., and Clarkem, F. E.: Methods of Soil
Analysis. Part 2: Wisconsin, American Society of Agronomy Inc. New York, 1965.

Bochet, E.: The fate of seeds in the soil: a review of the influence of overland flow on seed25

removal and its consequences for the vegetation of arid and semiarid patchy ecosystems,
SOIL, 1, 131–146, doi:10.5194/soil-1-131-2015, 2015.

Braimoh, A. K. and Vlak, P. L.: The impact of land cover change on soil properties in northern
china, Land Degrad. Dev., 15, 65–74, 2014.

Cerdà, A.: The influence of aspect and vegetation on seasonal changes in erosion under rainfall30

simulation on a clay soil in Spain, Can. J. Soil Sci., 78, 321–330, 1998.

1090

http://www.soil-discuss.net
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-print.pdf
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.5194/soil-1-131-2015


SOILD
2, 1075–1101, 2015

Effects of land use
changes on the

dynamics of selected
soil properties

A. Adugna and
A. Abegaz

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

CSA: The 2007 Population and Housing Census of Ethiopia. Statistical Summary Report at
National Level.Central Statistical Agency, Addis Ababa, Ethiopia, 2008.

De Mûelenaere, S., Frankl, A., Haile, M., Poesen, J., Deckers, J., Munro, N., Veraverbeke, S.,
and Nyssen, J.: Historical landscape photographs for calibration of Landsat Land use/cover
in the Northern Ethiopian highlands, Land Degrad. Develop. 25, 319–335, 2014.5

Ethiopian Metrological Agency (EMA): Data obtained and processed through personal commu-
nication, January 2013, Addis Ababa, 2013.

Eyayu, M., Heluf, G. K., Tekalign, M., and Mohammed, A.: Effects of land use change on se-
lected soil properties in the Tara Gedam catchment and adjacent agro-ecosystem, Northwest
Ethiopia, Ethiopian Journal of Natural Resources (EJNR), 11, 35–65, 2009.10

Fantaw, Y. and Abdu, A.: Soil property changes following conversion of acacia woodland into
grazing and farmlands in the rift valley area of Ethiopia, Land Degrad. Dev., 22, 425–431,
2011.

Fantaw, Y., Ledin, S., and Abdu, A.: Changes in soil organic carbon and total nitrogen contents
in three adjacent land use types in the Bale Mountains, south-eastern highlands of Ethiopia,15

Forest Ecol. Manage., 242, 337–342, 2007.
Food and Agricultural Organization (FAO): Guidelines for soil descriptions, 4th ed, FAO, Rome,

2006.
Gebreyesus, B. T.: Soil quality indicators response to land use and soil management

systems in Northern Ethiopia’s catchment, Land Degrad. Develop., published online,20

doi:10.1002/ldr.2245, 2013.
Gelaw, M. A., Singh, B. R., and Lal, R.: Organic carbon and nitrogen associated with soil

aggregates and particle sizes under different land uses in Tigray, Northern Ethiopia, Land
Degrad. Develop., published online, doi:10.1002/ldr.2261, 2013.

Giménez Morera, A., Ruiz Sinoga, J. D., and Cerdà, A.: The impact of cotton geotextiles on25

soil and water losses in Mediterranean rainfed agricultural land, Land Degrad. Develop., 21,
210–217, doi:10.1002/ldr.971, 2010.

Gol, C., Cakir, M., Edis, S., and Yilmaz, H.: The effects of land use /land cover change and
demographic processes (1950–2008) on soil properties in the Gokcay catchment, Turkey,
African J. Agric. Res., 4, 1670–1677, 2010.30

Karltun, E., Lemenih, M., and Tolera, M.: Comparing farmers’ perception of soil fertility change
with soil properties and crop performance in Beseku, Ethiopia, Land Degrad. Develop., 24,
228–235, 2013.

1091

http://www.soil-discuss.net
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-print.pdf
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.1002/ldr.2245
http://dx.doi.org/10.1002/ldr.2261
http://dx.doi.org/10.1002/ldr.971


SOILD
2, 1075–1101, 2015

Effects of land use
changes on the

dynamics of selected
soil properties

A. Adugna and
A. Abegaz

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Keesstra, S. D., Bruijnzeel, L. A., and van Huissteden, J.: Meso-scale catchment sediment bud-
gets: combining field surveys and modeling in the Dragonja catchment, southwest Slovenia,
Earth Surf. Proc. Landforms, 34, 1547–1561, 2009.

Keesstra, S. D., Geissen, V., van Schaik, L., Mosse, K., and Piiranen, S.: Soil as a filter for
groundwater quality, Current Opinions Environ. Sust., 4, 507–516, 2012.5

Kröpfl, A. I., Cecchi, G. A., Villasuso, N. M., and Distel, R. A.: Degradation and recovery pro-
cesses in Semi-Arid patchy rangelands of northern Patagonia, Argentina, Land Degrad. De-
velop., 24, 393–399, 2013.

Lelissa, A., Hager, H., and Sieghardt, M.: Effects of land use types on soil chemical properties
in smallholder farmers of central highland Ethiopia, Ekologia (Bratislava), 29, 1–14, 2010.10

McKie, D.: Soiltech. pH and Nutrient Availability, available at: http://www.soiltech.co.nz/articles/
article9.pdf, last access: September 2014.

Mekonnen, M., Keesstra, S. D., Stroosnijder, L., Baartman, J. E. M., and Maroulis, J.: Soil con-
servation through sediment trapping: A review, Land Degrad. Develop., doi:10.1002/ldr.2308,
2014.15

Mekonnen, M., Keesstra, S. D., Baartman, J. E., Ritsema, C. J., and Melesse, A. M.: Evaluating
sediment storage dams: structural off-site sediment trapping measures in northwest Ethiopia,
Cuadernos de Investigación Geográfica, 41, 7–22, doi:10.18172/cig.2643, 2015.

Muñoz-Rojas, M., Jordán, A., Zavala, L. M., De La Rosa, D., Abd-Elmabod, S. K., and Anaya-
Romero, M.: Impact of land use and land cover changes on organic carbon stocks in Mediter-20

ranean soils (1956–2007), Land Degrad. Develop., 26, 168–179, 2015.
Nega, E. and Heluf, G. K.: Effect of land use changes and soil depth on soil organic matter, total

nitrogen and available phosphorus contents of soils in senbat watershed, western Ethiopia,
J. Agric. Biol. Sci., 8, 206–212, 2013.

Olsen, S. R., Cole, C. V., Watanabe, F. S., and Dean, L. A.: Estimation of available phospho-25

rous in soils by Extraction with Sodium Bicarbonate, USDA, Department of Agriculture (939),
Washington D.C., 1954.

Oromia Rural Land and Environmental Protection (ORLEPB): Dhidhessa sub basin erosion
hazard and land degradation Assessment. Vol. IV, Oromia Water Works Design and Super-
vision Enterprise (OWWDSE), Addis Ababa, Ethiopia, 2013.30

Ozgoz, E., Gunal, H., Acir, N., Gokmen, F., M. Birol, M., and Budak, M.: Soil quality and spatial
variability assessment of land use effects in a typic Haplustoll, Land Degrad. Develop., 24,
277–286, 2013.

1092

http://www.soil-discuss.net
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-print.pdf
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://www.soiltech.co.nz/ articles/ article9.pdf
http://www.soiltech.co.nz/ articles/ article9.pdf
http://www.soiltech.co.nz/ articles/ article9.pdf
http://dx.doi.org/10.1002/ldr.2308
http://dx.doi.org/10.18172/cig.2643


SOILD
2, 1075–1101, 2015

Effects of land use
changes on the

dynamics of selected
soil properties

A. Adugna and
A. Abegaz

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Parras-Alcántara, L., Martín-Carrillo, M., and Lozano-García, B.: Impacts of land use change in
soil carbon and nitrogen in a Mediterranean agricultural area (Southern Spain), Solid Earth,
4, 167–177, doi:10.5194/se-4-167-2013, 2013.

Saha, D. and Kukal, Z. P.: Soil structural stability and water retention characteristics under
different land uses of degraded lower Himalayas of North-West India, Land Degrad. Develop.,5

26, 263–271, 2015.
Tadele, A., Aemro, T., Yihenew, G. S., Birru, Y., Bittina, W., and Hurni, H.: Soil properties and

crop yield along the terraces and toposequece of Anjeni watershed, central highlands of
Ethiopia, J. Agric. Sci., 5, 134–144, 2013.

Tahir, B. A., Ahmed, D. M., Ardo, J., Gafari, A., and Salih, M.: Changes in soil properties follow-10

ing conversion of Acacia Senegala plantation to other land management systems in north
Kordofan state, Sudan, J. Arid Land Environ., 73, 499–505, 2009.

Tejada, M. and Benítez, C.: Effects of crushed maize straw residues on soil biological properties
and soil restoration, Land Degrad. Develop., 25, 501–509, 2014.

Tesfaye, A., Negatu, W., Brouwer, R., and Van Der Zaag, P.: Understanding soil conservation15

decision of farmers in the Gedeb Watershed, Ethiopia, Land Degrad. Develop., 25, 71–79,
2014.

Thompson, L. M. and Troeh, F. R.: Soils and soil fertility, MaGraw-Hill Inc, New York, 1978.
USAD (United States Department of Agriculture): Soil Organic matter. Soil qual-

ity Kit-foreducators, available at: http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/20

nrcs142p2_053264.pdf, last access: September 2014.
Vågen, Tor-G. and Winowiecki, L. A.: Mapping of soil organic carbon stocks for spatially explicit

assessments of climate change mitigation potential, Environ. Res. Lett., 8, 1–3, 2013.
Vågen, Tor-G., Winowiecki, L. A., Assefa, A., and Kiros, M.: Landsat-based approaches for

mapping of land degradation prevalence and soil functional properties in Ethiopia, Rem.25

Sens. Environ., 134, 266–275, 2013.
Walkely, A. and Black, C. A.: An examination of the Degtjareff method for determining soil

organic matter and a proposed modification of the chromic acid titration method, Soil Sci.,
37, 29–38, 1934.

Wang, Q., Wang, S., and Yu, X.: Decline of soil fertility during forest conversion of secondary30

forest to Chinese fir plantations in subtropical china, Land Degrad. Develop., 22, 444–452,
2011.

1093

http://www.soil-discuss.net
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-print.pdf
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.5194/se-4-167-2013
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_053264.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_053264.pdf
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_053264.pdf


SOILD
2, 1075–1101, 2015

Effects of land use
changes on the

dynamics of selected
soil properties

A. Adugna and
A. Abegaz

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Yao, M. K., Angui, P. K., Konaté, S., Tondoh, J. E., Tano, Y., Abbadie, L., and Benest, L.: Effects
of land use types on soil organic carbon and nitrogen dynamics in mid-west Côte d’Ivoire,
European J. Sci. Res., 40, 211–222, 2010.

Yeshanew, A., Zech, W., and Guggenberger, G.: Transformation of a Podocarpusfalcatus dom-
inated natural forest into a monoculture Eucalyptus globulus plantation at Munesa, Ethiopia:5

soil organic C, N and S dynamics in primary particle and aggregate-size fractions, Agric.
Ecosyst. Environ., 106, 89–98, 2005.

Zeng, D. H., Hu, Y. L., Chang, S. X., and Fan, Z. P.: Land cover change effects on soil chemical
and biological properties after planting Mongolian pine in sandy lands in Keerqin, northeast-
ern China, Plant Soil, 317, 121–133, 2009.10

Zhang, F., Tiyip, T., Feng, Z. D., Kung, H. T., Johnson, V. C., Ding, J. L., Tashpolat, N., Sawut,
M., and Gui, D. W.: Spatio-temporal patterns of land use/cover changes over the past 20
years in the Middle Reaches of the Tarim River, Xinjiang, China, Land Degrad. Develop., 26,
284–299, 2015.

Zhao, G., Mu, X., Wen, Z., Wang, F., and Gao, P.: Soil erosion, conservation, and eco-15

environment changes in the loess plateau of china, Land Degrad. Develop., 24, 499–510,
doi:10.1002/ldr.2246, 2013.

1094

http://www.soil-discuss.net
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-print.pdf
http://www.soil-discuss.net/2/1075/2015/soild-2-1075-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://dx.doi.org/10.1002/ldr.2246


SOILD
2, 1075–1101, 2015

Effects of land use
changes on the

dynamics of selected
soil properties

A. Adugna and
A. Abegaz

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Table 1. A brief descriptions of the three land use types in the Jarte Area.

Land use type Description

Forest land Areas covered with long and dense trees forming closed canopy
or nearly closed canopy (70–100 %), and without apparent and re-
ported human impacts. This unit also includes undercanopy trees
mixed with short bushes and open areas. Dominant tree species in
this group include Celtisaafricana, Calpurinasubdecandra and Cro-
ton mycrostachyus. In addition, leaves from plants fall, macrofauna
(worms, large insects, etc.); soil microflora (bacteria, fungi, algae,
etc.) and microbial activities are common in this land use. No sign of
rill or sheet erosion.

Grazing land Formerly this land use was under forest cover. Since 40 years back,
this land use evolved with permanent grass cover, with continuous
grazing systems (information from local elders). Cattle dung is con-
tinuously collected as a source of household energy from this land
use. Short grass species dominate this land unit. In some places rill
erosions are observed.

Cultivated land Formerly this land use was under forest cover and this land use
evolved since 40 years back with continuous plowing, clearing and
removal of above ground biomass (yield and crop residue), disposing
and leveling of farming fields (information from local elders). Weath-
ered fragmented rock materials are common in the plowing soil layer.
Structural soil conservation (rock and earth terracing) practices are
common. For the last 30 years Urea And DAP (up to 100 kgha−1

each) and cattle manure have been applied. This unit includes ar-
eas used for rain-fed agriculture. Major crops grown include cereals
(maize, teff, and barley), legumes (beans, pea) and oil crops (neug).
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Table 2. Changes in selected soil properties on cultivated and grazing land uses compared to
forestland in Northeast Wollega, Ethiopia.

LU type Sand Silt Clay pH AP OM TN CEC EK+ Eca2+ EMg2+

Cropland −43 −13 +169 −11.5 +2.8 −49 −43 −38.5 +7.7 −68 −56.8
Grassland −26 −18 +123 −6.6 −42 −19 −16 −22 −7.7 −54 +21.2

Notes: − indicates loss and + indicates gains
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Table 3. Selected soil properties at 0–15 cm depth at different land use types in Northeast
Wollega.

Land use Depth Soil fraction (%) Textural pH (1 : 2.5 H2O) Available P Organic Matter Total Nitrogen C : N CEC Exchangeable bases
type (cm) class (ppm) (%) (%) ratio C mol (+) kg−1 C mol (+) kg−1

Sand Silt Clay K+ Ca2+ Mg 2+

FL 0–15 51.6 32.8 15.6 Sandy loam 6.1 3.6 9.04 0.44 12.1 32.85 0.13 12.81 3.96
GL 0–15 38.4 26.8 34.8 Clay loam 5.7 2.09 7.31 0.37 11.9 25.65 0.12 5.98 4.80
CL 0–15 29.6 28.4 42.0 Clay 5.4 3.7 4.59 0.25 10.8 20.19 0.14 4.08 1.71

Notes: FL=Forestland, CL=Cultivated land, GL=Grazing land, P=Phosphorous, C : N=Carbon : Nitrogen ratio, CEC=Cation exchange capacity, K+ =Potassium,
Ca2+ =Calcium, Mg2+ =Magnesium
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Table 4. Variation of soil fractions (sand, silt and clay), available P and organic matter at 0–
15 cm depth at three land use types in Northeast Wollega.

Land use Land use Sand % Clay % Available P (ppm) Organic Matter (%)

(I) (J) Mean difference S.E One-way ANOVA Mean difference S.E One-way ANOVA Mean difference S.E One-way ANOVA Mean difference S.E One-way ANOVA

(I− J) F Sig. (I− J) F Sig. (I− J) F Sig. (I− J) F Sig.

FL CL 22a 2.4 41.4 0.000 −26.4a 4.6 17.03 0.000 −0.1NS 0.7 3.6 0.059 2.6a 0.4 17.2 0.000
GL 13a 2.4 −19.2a 4.6 1.5b 0.7 1.0b 0.4

CL GL −8.8a 2.4 7.2NS 4.6 1.6b 0.7 −1.6a 0.4

Notes: FL=Forestland, CL=Cultivated land, GL=Grazing land, S.E=Standard Error of the mean, a significant at 0.01 level; b significant at 0.05 level; NS=Not Significant
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Table 5. Variation of total nitrogen, pH (1 : 2.5 H2O), CEC and exchangeable bases (Ca2+ and
Mg2+) at 0–15 cm depth at three land use types in Northeast Wollega.

Land use Land use Total Nitrogen (%) pH (1 : 2.5 H2O) CECC mol(+) kg−1 Exchangeable bases C mol (+) kg−1

(I) (J) Ca2+ Mg2+

Mean difference S.E One-way ANOVA Mean difference S.E One-way ANOVA Mean difference S.E One-way ANOVA Mean difference S.E One-way ANOVA Mean difference S.E One-way ANOVA

(I− J) F Sig. (I− J) F Sig. (I− J) F Sig. (I− J) F Sig. (I− J) F Sig.

FL CL 0.19a 0.03 11.8 0.001 0.73a 0.16 10.03 0.003 12.7a 2.3 14.85 0.001 8.7a 1.7 14.96 0.001 2.3a 0.6 13.92 0.001
GL 0.07NS 0.03 0.38b 0.16 7.2a 2.3 6.8a 1.7 −0.8NS 0.6

CL GL −0.11b 0.03 −0.34NS 0.16 −5.5b 2.3 −1.9NS 1.7 −3.1a 0.6

Notes: FL=Forestland, CL=Cultivated land, GL=Grazing land, CEC=Cation exchange capacity, Ca2+ =Calcium, Mg2+ =Magnesium, S.E= Standard Error of the mean; ** Significant at 0.01 level; * Significant at 0.05 level; NS=Not Significant
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Table 6. The correlation matrix for selected soil properties at 0–15 cm depth in Northeast Wol-
lega.

OM TN AP CEC Ca Mg pH Silt Clay

OM 1
TN 0.80a 1
AP 0.13 0.15 1
CEC 0.80a 0.81a 0.24 1
Ca 0.82a 0.76a 0.38 0.89a 1
Mg 0.71a 0.67a −0.20 0.65a 0.52b 1
pH 0.83a 0.76a 0.23 0.89a 0.88a 0.71a 1
Silt 0.25 0.06 0.22 0.37 0.32 −0.17 0.31 1
Clay −0.74a −0.54b −0.13 −0.77a −0.74a −0.32 −0.71a −0.69a 1

a, b Correlations are significant at the 0.01 level and at the 0.05 level respectively, (2-tailed).
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Figure 1. Location of Northeast Wollega, Jarte Area in Horo-Guduru Wollega Zone of Ethiopia.
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